Movie S1. Biotinylated Fluor-M13 are imaged in capillary-driven transport through an LFA membrane that is functionalized with anti-M13 antibodies. The movie begins with liquid breakthrough in the field of view (208.3 µm × 213 µm); the frame rate is 30 frames/sec. Only the first 2000 frames after breakthrough are shown. Although the Reynolds number is low (Re≪1) on all time scales, the complex fiber geometry distorts the flow streamlines; here phage readily flow around the fibers and change direction on the pore scale.
p3 tail protein, which can serve as a substrate for Escherichia coli biotin ligase and is inherently biotinylated at greater than 50% efficiency when grown in an E. coli host that contains the pBirA plasmid. 1 We complete the biotinylation in vitro using E. coli biotin ligase (birA) according to the manufacturer's instructions (Avidity AviTag Technology). The degrees of biotinylation of AviTag-M13 and Biotinylated Fluor-M13 are compared using TMB (3,3',5,5'-Tetramethylbenzidine)-ELISA. 100 µL of AviTag-M13 or 100 µL of Biotinylated Fluor-M13 at concentrations of 0, 10 4 , 10 5 , 10 6 , 10 7 , 10 8 and 10 9 pfu/mL in 2% (w/v) BSA are added to neutravidin-coated 96-well plates (Pierce Reacti-bind 96-well plates, Thermo Scientific #15128).
After a 2 h incubation at room temperature, the plate is washed and rinsed four times each with PBST (PBS containing 0.05% (v/v) Tween 20) and PBS, respectively. Next, bound AviTag-M13
or Biotinylated Fluor-M13 are allowed to react with 100 µL of horseradish peroxidase (HRP)- 
